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Ecofriendly cationi cpolyelectrolytes ^ 

The present invention relates to cationic water-solub.e polyelectroiytes. especially terpolymers 
of (meth)acrylamide, monomers based on cationic (meth)acrylic aoid esters and monomers 
based on (meth)acrylamides and/or hydrolysis-stable cationic monomers, to the synthes.s and 
use of same and to water-in-water polymer dispersions containing such polyelectrolytes. 

Poiymers of nonionogenic, anionic and cationic vinyl polymers are used as flocculating agents 
in wastewater treatment, in ore and coai processing and in paper manufacture. Of part,cular 
importance in this regard are water-solubia cationic polyelectrolytes, which are usad in larga 
quantities worldwide in water treatment facilities, especially to improve flocculation and 
dewataring of the resulting sewage sludges. As a rule, these are polymars of cationized acryl.c 
acid derivatives or methacrylic acid esters or are copolymers of these esters from acrylam.de. 

For example, German Patent 354490 9 describes copolymers of dimethylaminopropylacrylamide 
(DIMAPA) and acrylamide (AA), in which the DIMAPA is either neutralized with mineral adds or 
is guaternized with quaternizing agents, and which have a proportion of between 4 and 80 mol% 
of cationic monomers as well as a ratio of viscosity to molar content of cationic components 
exceeding 200. Such copolymers are characterized by very good storage and hydrolys,s 
stability, thus making them advantageous for sludge dewataring. 

DE 19941072 describes a method for continuous synthesis of at least one monomer, wherein at 
least one parameter influencing the polymerization is varied according to a repeating pattern. 
According to this described method, copolymers among other substances and also terpolymers 
are obtainable by polymerization of (meth)acrylamide monomers as well as monomers based 
on (meth)acrylic acid esters and (meth)acrylamides. 

European Patent 0649820 describes terpolymers of acrylamide, acrylic aoid and cationic 
monomers in combination with alkaline earth salts and the use of same in sludge dewatenng. 
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The sludge-dewatering 
stability. 



agents synthesized therefrom have improved solubility and storage 



,„ US Patent 4B8 9 887 there are described terpolymers of (meth)acrvlamide, monomers based 
on <me«o acid esters and monomers based on <me.h)acrylamides. These terpolymers 

natural gas is described. Terpolymers are reaoted with HC, in order to cross-lmK them. 

As can be inferred from the already oited German Patent 3544909, the polymers based on 
oationized(meth)acry,ioaoid esters and oommomy used for .ocoulation suffer from several 

disadvantages. 

co taining these po.ymers diluted to 0.1 to 0.3% must be prepared for use as flocculate 

L no. very stable during storage. For example, it is reported in the document ha, he stably 
time of acrylic derivatives in solvent waters having pH values of 7.0 to 7.5 is only a few hours, 
while that of methacrylic derivatives is about 24 hours. 

A k nown method of maintaining the practical properties and storage stability in view of this 

copolymers. As examples, dime,hy,ammon,ummethy, (me.h,acry,a«e (ADAME-Quat) 
guaternized with methyl chloride can be cited here, as can other ester-based cabon 
monomers. Despite this measure, the activity of solutions of such polymers decreases ve^ 
r^ly.The half life is only * to three days. This means that users whc .have to interrupt 
dispensing such products for relatively long times, such as over the weeKend, w,„ have 
plltfurmer processing the prepared solution atalater time, especially In chamberflfler 

presses. 

A further disadvantage of such cationic polyelectrolytes is that they na ^ e ^h ^H-ie fisMoxicity 
toxica depending on charge density. At a charge of about 1 5 wt% and greater the flsh ox,c,fy 
Jsuch polymers is< 1 0mg„,OECO 203). For example, at cationic activity of 20 wt % and 
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creator quaternized copolymers based on <me,h,acry,amide have such high aquatic .exicity that 
as ha— totheenvi— Howeve,^ - 
ab,e to shew that peters based en quaternized (me.h)acry„c acid esters are converted by 

a,., 'Water Science Technology". Vol. 44. No. 2-3. 461-468. 2001). 

The object of the present invention was therefore to provide ecofriendiier poiymers. which can 

„ paper, which dissolve rapidly and compieteiy in aqueous media, which have , . of 

applon as weii as good storage stabiiity, which do no, exhibit the disa vantages of rap,d 
loss of effrcacy and which can be degraded compieteiy within a few days to low-toxtody 
products. 

„ has been surprisingly found that this object can be achieved by cationic water-soluble 
2a^ 

and or hydroiysis-stabie cationic monomers, the composition of the polyelectrolyte be.ng 
characterized by a toxicity index 

Fi = (Q TP -2QME)/10<1 



where 

q tp = total cationic charge of the polymer 

Q ME = charge proportion of the ester-type monomer. 



ByQTP = tota. cationic charge of the polymer, there is understood within the meaning of the 
present invention the proportion in mo.% of all cationic monomers in the polymer. 

By Qme = charge proportion of the ester-type monomer, there is understood within the meaning 
Te presentLention the proportion in mo./o of the ester-type monomer in the po ly mer. 
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pa rt icu,ar,y preferably 20 to 80 mo,%, and their solution visoosity. measured as 1% soluton ,n 
100to1200mPas. 

Particuiariy preferred are poiyelectrolytes , ha, contain 0, to 30 wt%, preferabiy 3 to 25wt%and 

According to the invention, there are preferabiy used, as cationio monomers based on 

atom Preferabiy there are used guaternized dialkylaminoalky, (me.h,acry,a,es wit C, to C 3 ,n 
the alky, and alkylene groups, especiaiiy ammonium saits of 

( meth)acry,a.e, dimethylaminoethyl (me,h)acry,a«e, dimethylaminopropyl (me.h,acry,a.e, 
dl h alomethy^^ 

(m e.h,acry,ateguaternizedwi.h methyl chloride. Particularly preferred is dimethylaminoethyl 
aorylate, which is guaternized with an alkyl halide, especially v»ith methyl chlonde or benzyl 
chloride or dimethyl sulfate (ADAME-Quat). 

As Clonic monomers there are used monomers based on (meth^amides « ' 
X-dNatom. Preferably there are used guaternized dia,ky,aminoa,ky,(me,h)acrylam,des 
with C, to C, in the alkyl and alkylene groups. Particularly preferred ,s 
dirnethylaminopropylacryiamide, which is guaternized with an aiky, halide, especially methy, 
chloride or benzyl chloride or dimethyl sulfate. 

Hydrolysis-stable cationic monomers can be, in addition to the 

d L k y.aminoa, k y.(meth)acry,amides described in the foregoing, a,, monomers that c be 
regarded as stable to the OECD hydrolysis test. Examples are diallyldimethylammon.um 
chloride or water-soluble, cationic styrene derivatives. 
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Particuiarly preferred as ca.ionic polyenes according to the invention are terpoiymers o, 
c^d 2-dime^ 
^E^andJme^^ 
(DIMAPA-Q). 

The inventive poiyeiectroiytes can he synthesized hy Known methods, such as emulston 

soiution ge, and suspension polymerization, preferabiy ge, and soiu»,on poiymenzafon. I, s 

;s:r t o,heinvenL.however,tha,the^ 

by the aforesaid toxicity index 

F; = (Q tp -2Qm E )/10<1 

where 

q tp = total cationic charge of the polymer 

Qme = charge proportion of the ester-type monomer. 

Preferabiy such po.ye.ectro.ytes are synthesized by mixing the combination of the cationic 
crushed, dried and ground, 
products. 

The poiymerization is preferabiy carried ou, as an adiabatic poiymedzation, and it can be 
lniti aLd either witha redox system or with a photoinUiato, Moreover, a comb,n.»no, both 

itiation methods is possibie. The redox initiator system is composed of a, — 
l P onen,s-an organic or inorganic oxidizing agent and an organic or ,nor g an,c reducng 

Examples are inorganic peroxides such as alKaii meta, and ammon.um persulfate, a,M, - 
. ammonium perphospha,es. hydrogen peroxide and its saits. especiaiiy sodium perox,d 
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or per adds such as peracetic acid. In addition, however, other oxidizing agents can also ba 
used, such as potassium permanganate, sodium and potassium chlorate, potassium 
dichromate, etc. As reducing agents there can be used sulfur-containing compounds such as 
sulfites thiosulfates, sulfinio acid and organic thiols such as ethylmercaptan and 
2-hydroxye.hanethiol. 2-mercaptoe.hylammonium chloride, thioglycolic acids and others. In 
addition, there can a.so be used ascorbic acid and low-va.ency metal salts, preferably copper(l), 
manganese („) and iron(„, salts. Phosphorus compounds can also be used, such as sod.um 
hypephosphite. In the case of photopoiymerizatien, the reaction is initiated w„h UV 
causes decomposition of the Mater. As initiators there can be used benzoin and benzo.n 
derivatives, such as benzoin ether, benzil and its derivatives, such as benz,l ketals, 
acryldiazonium salts, azo initiators such as 2,2'-azobis(isobu.yronitrile) and 2,2'-azob,s(2- 
amidinopropane)hydroch,oride or acetophenone derivatives. The quantity of the o«z,ng an 
reducing components can range from 0.00005 to 0.5 weight per cent, preferably from 0.001 to 
0.1 weight percent relative to the monomer solution. For photoinitiators it can range from 0.001 
to 0.1 weight percent, preferably 0.002 to 0.05 weight per cent. 

The polymerization is carried cut batchwise in aqueous solution in a polymerization vessel or 
continuously en an endless be,., as described, for example, in German Patent 3544770. Th,s 
step is introducad herewith as the reference step, and is incorporated as part of the disclosure 
The process is initiated a. a temperature o, between -20 and 50'C, preferably between -10 and 
,0-C and is carried out a. atmospheric pressure without external heat supply. Because of the 
heat of polymerization, a maximum final temperature of 50 to 150'C is reached, dependtng on 
the content of polymerizable substance. 



On completion 
crushed. 



of polymerization, the polymerized product obtained in the form of a gel is 



The crushed gel is now dried batchwise in a circulating-air drying oven at 70 to 15CTC, 
preferably at 80 to 1 30'C. Drying can be achieved continuously in the same temperature ranges 
on a belt dryer or in a fluidized-bed dryer. 
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After drying, the product is ground to the desired particle-size fraction. 

The water-soluble terpolymars of acrylamide, 2-dimethylammoaiummethyl (meth)acrylata, 
guaternized with methyl chlohde (ADAME-Q) and 3 -dime.h y lammoniumpropy 1 (meth)a CT y1am,de, 
guatarnized with methyl chloride (DIMAPA-Q) - which are particolarty preferred according to the 
invention - dissolve very rapidly without residues. 

An additional advantage is that, as will be proved hereinafter by means of practical tests, 
solutions of these products stiH exhibit high activity even after 72 hours. In comparison, ca,on,c 
polymers, especially copolymers based on guaternized methacrylic acid esters, especia.ly of the 
ADAME-Quat type, undergo a considerable loss of efficacy after 72 hours. In addition, sucft 
polymer solutions of.be ADAME-Quat type already exhibit considerable turbidity after 24 hours. 

in addition, it was found completely surprisingly that, by the inventive combination of a 
guaternized (me.h)acy,amide derivative and a (me.h)ac^,ic acid derivative as the ca.,on,c 
monomers, there can be obtained polymers that already lose their toxicity after a short time ,n 
solution due to hydrolysis and charge neutralization. 

For example, it has bean shown that the flsh toxicity of the water-soluble polyeiectrolytes In 
solution decreases drastically after 72 hours, from 6.2 mg/l to > 100 mg/l. even though the 
practical properties change only slightly. This is especially true of terpolymers that are 
obtainable by polymerization of the monomers (meth)acrylamide. guaternized (meth)aorylam,de 
derivative and a (meth)acrylic acid derivative and/or hydrolysis-stable cationic monomers, 
wherein the composition of the po,ye.ec(rolytes is characterized by the aforesaid toxicity index 
F,. It has also been found that only terpolyoters whose composition corresponds to the above 
equation for the toxicity index F, have such properties. 

Furthermore, the inventive polyeleotrolytes have much better dewatering capacity than do 
corresponding prior art products. As will be shown experimentally hereinafter, a terpolymer 
synthesized according to European Patent 0649820 by analogy with Example 3, us,ng 22.5 
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mol% of cationic monomer (DIMAPA-Q), 22.5 mo,/, of acrylic acid and 55 mo% of ac„,am,de 
exhibifed much poorer dewa.ering capacity in me sludge-dewatering tests. For example, desprte 
a 25% higher dosage of the 0.1% solution, the dewatering capacity after a standing time of 1 
hour was much iower than that of an inventive cationic terpoiymer. Even after the solution was 
(eft to stand for 3 days, the dewatering capacity of the inventive terpoiymer was greater than 
that of the corresponding ADAME-acrylamide copolymer and of the amphoteric polymer 
according to European Patent 0649820. 

The dissolution time for preparation of a 0.1% solution of the amphoteric polymer by analogy 
with European Patent 0649820 was about 2 hours. A residue of about 20 g was found. The Jsh 
toxicity (OECD 203) of the product exceeded 100 mg/l. 

By virtue of these advantageous properties, the inventive polyelectrolytes can be used 
particularly preferably for dewatering of sewage siudges. for purification of waste water, for 
conditioning of potabie water or for manufacture of pap^r or cardboard. Furthermore, such 
polyeiectro.yles can also be used in wa.er-in-wa.er polymer dispersions, which are also sublet 
matter of the present invention. 



The invention will be explained hereinafter by means of examples. These explanations are 
provided merely by way of exampie and do not limit the general inventive idea. 
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Examples 

nomination o fthe solution viscosity of the polymer 

The viscosities were determined with a Broo.f.e.d viscometer on a 1.0% solution in 10% Nad 
solution. The dissolution time in these experiments was one hour. 

nomination of the ggj content of the polymer 

To determine .he insolub.e fraction. 1 Mr of a 0.1% solution was prepared in conductivity water 
and stirred for 60 minutes a. 300 rpm. This soiution was then Altered through a 0.315 mm sieve, 
and 5 liters of water was used for rinsing. The supernatant was transferred into a measunng 
cylinder and the volume determined. 

The following abbreviations are used: 

ABAH . 2,2'-azobis(2-amidinopropane) hydrochloride 

DIMAPA-Quat: 3-dimethylammoniumpropyl(meth)acry.amide quaternized with 

methyl chloride 

ADAME-Quat: 2- dimethylammoniummethyl (mediate quaternized with methyl 

chloride 

Versenex 80 The Dow Chem. Corp. 
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Practical methods: 
Determination of the dewatering effect by the screen-test method 

This test method was adapted to the dewatering method used in industry, namely continuous 
pressure filtration by means of filter presses or centrifugal dewatering in cantrifuges. 

With this method, organic cationic polymers are normally tasted for their suitability as regards 
conditioning and dewatering of communal or industrial sludges. 

The sludge is conditioned using the solution of flocculating agent to be tested under constant 
condifions (depending on the available dewatering unit). After conditioning, the sludge sample ,s 
filtered (= dewatared) on a metal screan (200 urn mesh openings). The dewatering time (t E ) for 
a given filtrate volume is measured and the clarity of the draining filtrate is evaluated (visuaily) in 
a clarity wedge. 

Clarity: "0" = no clarification 



Clarity: 



.. 46 .. = best clarification 



Determination of ionogenicity and charga density of polymeric flocculating agents with 
the PCD instrument of the Miitek Co. 

,n the investigation of developmental products, for example, precise knowledga of the existing 
charge density / ionogenicity (cationic. anionic, nonionogenic) of a synthetic fioccuiating agent . 
also needed. 

The PCD instrument (type: 03 pH) of the Mutak Co. (D-8221 1 Harrsching) can be used for both 
qualitative and quantitative determination. 



- 10- 



WO 2004/020490 



PCT/EP2003/008428 



During the polya.ectrolyte titration, the countenons are compensated for by oppositely charged 
polyions until the polymer chains no iongar outwardly exhibit any charges. This neutral pent 
corresponds to the isoelectric point or turning point of the titration. 

From the polyelectrolyte demand necassary for this neutralization, together with appropriate 
knowledge of the underlying polymer basis of the product, it is then possible to calculate the 
ionogenicity. 
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Inventive polymers: 

The inventive polymers can be synthesized by standard polymerization methods. Preferably 
they are synthesized by ge, polymerization. An example of this polymerization is presented ,n 
Example 1 : 

Example 1 : 

Polymer 1 

,n a polymerization vessel there was first plaoed 240.0 g of 50% aqueous acrylamide soiution 
into whioh there was mixed 406.0 g of water as well as 0.15 g of Versenex 80. After addition of 
350 0 g of 80% ADAME-Quat solution, the pH was adjusted to 5.0 with 2.8 g of 50% sulfuno 
acid and the mixture was cooled to -OX and blown out with nitrogen. After addition of 0.40 g of 
ABAH (2,2-azobis(2-methylpropionamidine) dihydrochloride). the poiymenzation was inifated 
with UV light. Within 25 minutes, the polymerization temperature rose from -5X to 80°C. The 
poiymer was crushed with a meat grinder and dried at 1 WC for 90 minutes. The product was 
ground to a particle-size fraction of 90 to 1 400 pm. 



Fxample 2: 

Polymers 2 to 4 and 6 - Terpolymers containing ADAME-Quat and DIMAPA-Quat 

The synthesis was performed once again as described in Example 1 , except that the cationic 
monomers and water volumes were changed as described in the table. 
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Polymer 


Cationic monomers in 
wt% 


Starting weight 
of Adame-Q 


Starting weight 
of DIMAPA-Q 


Starting weight of 
water 


2 


ADAME-Q/ 
DIMAPA-Q 52.5:17.5 


262.5 g 


116.9g 


302.0 g 


3 


ADAME-Q/ 
DIMAPA-Q 35:35 


175.0 g 


233.3 g 


347.0 g 


Comparison 










polymer 
4 


ADAME-Q/ 
DIMAPA-Q 17.5:52.4 


87.5 g 


349.5 g 


327.0 g 


6 


ADAME-Q/ 
DIMAPA-Q 7:63 


35 g 

_ 


420 g 


305.0 g 



Fxamnle 3: 

Polymer 5 - By analogy with European Patent 0649820 

,„ a polymerization vessel there was firs, placed 240 g of 50% aqueous acrylamide solution, into 
which there was mixed 429.0 g of water as we,, as 0.15 g of Versenex 80. After addition of 
233 3 g of 60% DIMAPA-Quat solution and 52.0 g of aorylic acid, the pH was adjusted to 5.0 
with 45 g of 50% sodium hydroxide solution, and the mixture was cooled to -OX and blown out 
with nitrogen. After addition of 0.40 g of ABAH (2,2'-azobis(2-methylpropionam,d,ne) 
dihydrocftloride). the polymerization was initiated with UV light. Within 25 minutes, the 
polymerization temperature rose from -5-0 to 80'C. The polymer was crushed with a meat 
grinder and dried a. 1«TC for 90 minutes. The product was ground to a particle-size fract,on of 
90 to 1400 nm. 

Example 4: 

Polymer 7 - Amphoteric terpolymer with sodium acrylate/DIMAPA-Quat 

, n a polymerization vessel there was first placed 160.0 g of 50% aqueous acrylamide solution 
into which there was mixed 360.0 g of water as well as 0,5 g of Versenex 80. After add.t.on of 
400 0 g of 60o/o DIMAPA-Quat solution and 80.0 g of acrylic acid, the P H was adjusted to 5.0 
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with 59 b of 50% sodium hydroxide solution, and .ha mixture was cooied to -OX and biown out 
with nitrogen. After addition of 0.40 g of ABAH (2,Z-azobis(2-methylpropionamid,ne) 
dihydrochloride). the polymerization was initiated with UV light. Within 25 minutes, the 
poiymerization temperature rose from -5X to SOX. The polymer was crushed with a meat 
grinder and dried a. 100X for 90 minutes. The product was ground to a particle-size fraction of 
90 to 1400 urn. 



Example 5: 

Polymer 8 - Amphoteric terpolymer with sodium acrylate/ADAME-Quat 

The synthesis was carried out as in Example 4, except that 300 g of ADAME-Quat (80% 
solution) and 390.0 g of water were used instead of DIMAPA-Quat. 



Polymer 9 

The polymerization was carried out as in Example 1 , except that 275.0 g of ADAME-Quat, 360.0 
g of acrylamide and 365.0 g of water were weighed in. 

Example 7: 
Polymer 10 

,„ a polymerization vessel there was first placed 334.4 g of 50% aqueous acrylamide solution, 
into which there was mixed 296.5 g of water as well as 210 mg of Versenex 80. After add,.,on of 
354 6 g of 60% DIMAPA-Quat solution, the pH was adjusted to 5.0 with 8.0 g of 50% sulfuric 
acid and 0.30 g of formic acid, and the mixture was cooled to -5X and blown out with nitrogen. 
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After addition of 0.40 9 of ABAH ( 2,2'-a Z obis(2-methy.propionamidine) dihydrochloride). the 
polymerization was initiated with UV light. Within 25 minutes, the polymerization temperature 
rose from -5X to SOX. The polymer was orushed with a meat grinder and dried a. 100 C for 9 0 
minutes. The product was ground to a particle-size fraction of 90 to 1400 urn. 

Example 8: 
Polymer 1 1 

The polymerization was earned out as in Example 7. except that 240 g of acrylamide solution. 
285.3 g of water and 466.7 g of DIMAPA-Quat were used. In addition, the polymerization was 
initiated at 7.5°C. 



Example 9: 



Polymer 12 

The polymerization was carried out as in Example 8, except that it was Mated a. 0'C in order 
to obtain a higher viscosity. 



Fxamole 10: 



Polymers 13 and 14 

The synthesis was again carried out as described in Example 1 , except .hat the cationic 
monomers and water volumes were changed as described in the table. 



Polymer 


Cationic monomers in 
wt% 


Starting weight 
of Adame-Q 


Starting weight 
of DIMAPA-Q 


Starting weight of 
water 


13 


ADAME-Q/ 
DIMAPA-Q 30/30 


133.0 g 


177.3 g 


355.3 g 


14 


ADAME-Q/ 
DIMAPA-Q 15/45 


66.5 g 


266.0 g 


333.1 g 
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Example 1 1 : 



Polymer 1 5 



The synthesis was again carried out as described in Example 6, except that it 
5°C. 



Properties of the polymers 



Polymer 
1 


Viscosity 
550 mPas 


Gel content 
5 mL 


2 
3 


530 mPas 
570 mPas 


10 mL 
12 mL 


4 
5 


520 mPas 
320 mPas 


15 mL 
15 mL 


6 
7 
8 
9 


570 mPas 
520 mPas 
800 mPas 
570 mPas 
475 mPas 


20 mL 
25 mL 
5 mL 
35 mL 
15 mL 


10 
11 
12 
13 
14 
15 


200 mPas 
460 mPas 
580 mPas 
530 mPas 
500 mPas 


10 mL 
12 mL 

5 mL 
10 mL 

8 mL 
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Example 12: 

Polymers for dewatering a suspension of fibrous material 

Polymer 16 

,n a polymerization vessel there was first placed 416.0 g of 50% aqueous ac^lamide solution 
into which there was mixed 435.0 g of water as we,, as 0.15 « of Versenex 80. After addMon of 
140 0 g of 80% ADAME-Quat solution, the P H was adjusted to 5.0 with 0.1 g of 50% sulfunc 
acid and the mixture was cooled to -0'C and b,own out with nitrogen. After addition of 0.40 g of 
ABAH (2 2 '-azobis(2-methylpropionarnidine) dihydrochlorida). the polymerization was ,n,t,ated 
with UV light. Within 25 minutes, the polymerization temperature rose from -5'C to 80°C. The 
polymer was crushed with a meat grinder and dried a. 1 00'C for 90 minutes. The product was 
ground to a particle-size fraction of 90 to 1400 um. 



Polymers 17 to 20 

These polymers were synthesized as for polymer 16, except that the starting weights 
changed as indicated in the following table: 



Polymer 


Starting weight 
of ADAME-Q 


Starting weight 
of DIMAPA-Q 


Starting weight of 
water 


17 


og 


186.7 g 


383.0 g 


18 


35.0 g 


140.0 g 


397.0 g 


19 


70.0 g 


93.3 g 


411.7 g 


20 


105.0 g 


46.7 g 


418.0 g 
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All polymers have a cationic total charge of 35 mass per 



Product 


Adame-Quat* 


DIMAPA-Quat* 


Viscosity/mPas 


Polymer 16 


35 


0 


410 


Polymer 17 


0 


35 


485 


Polymer 18 


8.75 


26.25 


495 


Polymer 19 


17.5 


17.5 


575 


Polymer 20 


26.25 


8.75 


595 



* Contents in mass per cent 

Polymers 18 to 20 are inventive polymers, while polymers 16 and 17 are comparison 



Practical tests 



Hydrolysis tests: Variation of the cationic activity as a function of time (pH: 







Polymer 

1 
2 
3 
4 


Cationic activity after 
1 h 

i 28J3 

31.9 
37.7 
47.8 


Cationic activity after 
1 day 
< 1 
15.6 
28.3 
43.7 


Cationic activity after 
3 days 
< 1 
5.5 
9.5 
39^9 



Measured with Miitek PCD 
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Dewatering of communal sewage sludge by the screen-t 




Ignition loss: 50.5% 3 
Dry substance of the sludge: 31 kc|/m 
Electrical conductivity: 8.3 mS/cm 



Fish toxicity of polymers (OECD 203) after 72 h at RT 



Toxicit y LC sn (mg/l) 



Polymer 
1 



> 100 



> 100 



< 10 
> 100* 



* no hydrolysis 
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Dewatering of communal sewage sludge by the screen-test method 



Polymer 



Dosage 
(kg per metric ton 
of dry substance) 



3.3 
3.3 



3.3 
3.3 

3.1 
3.1 



Filtration time 
(s) 



19 
18 



25 
17 
16 



No flocculation 



Turbidity 

0 



21 

23 



22 
23 
22 



Standing 
polymei 



ime ot tne 
solution 



1 ) Ignition loss: 57.3% Dry substance of the sludge: 30 kg/m 3 
Electrical conductivity: 6.3 mS/cm 3 

2) Ignition loss: 55.9% Dry substance of the sludge: 26 kg/m 3 
Electrical conductivity: 6.4 mS/cm 3 



Dewatering of a suspension of fibrous material 

In these experiments the inventive polymers were tested as retention aids for paper 
manufacture. This test was carried out according to the acknowledged "dynamic drainage jar- 
method, in which the suspension of fibrous material is dewatered on a screen with constant 
stirring - without formation of a filter layer. The total retention and the retention of filler 
substance can be calculated by determining the solid content in the sample of fibrous material 
and in the filtrate. This study was carried out with a Miitek DFS 03. 
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In each example, 1 liter of a 1% suspension of fibrous material was dewatered. 
liberated water is listed in the table. 



Dosage 


100 


ppm 


300 


Dpm 


Time 


20 s 


30 s 


20 s 


30 s 


Polymer 16 


285 g 


345 g 


305 g 


365 g 


Polymer 17 


280 g 


340 g 


300 g 


365 g 


Polymer 18 


280 g 


340 g 


305 g 


370 g 


Polymer 19 


275 g 


320 g 


300 g 


370 g 


Polymer 20 


275 g 


320 g 


300 g 


370 g 



As is evident from the table, comparable results within the accuracy of the measurements 
obtained in the dewatering tests of all products. However, the inventive polymers exhibit rr 
lower toxicity than do the other products. 



Dewatering on a chamber filter press 

In a clarifying plant, an inventive 80 wt% cationic terpolymer (20 wt% of acrylamide, 40 wt% of 
ADAME-Quat and 40 wt% of DIMAPA-Quat) having a viscosity of 300 mPas was tested against 
a combination of Zetag® 7848 FS 40 (trade name for an emulsion polymer of Ciba 
Spezialitatenchemie AG) and Zetag 7587 (80 wt% of ADAME-Quat and 20 wt% of acrylamide). 
For dewatering on a chamber filter press, 7 kg of the inventive terpolymer was needed per 
metric ton of solid, compared with 8 kg of polymer (emulsion calculated as polymer) in the case 
of the combination. 

The proportions of dry substance achieved in the pressed sludge were equal. 
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